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SUBJECT: Advanced Syncom Monthly P r o g r e s s  Report  
for September 1962 

TO: Mr. Alton E. Jones 
P r o g r a m  Manager, Syncom 
Goddard Space Flight Center 
Code 621 
Greenbelt, Maryland 

Attached are copies of t he  Advanced Syncom Monthly P r o g r e s s  
Report  for September 1962.  

The advanced technological development i tems  p rogres sed  
well through the r epor t  period. 
tube design was f i rmed and construction of the tubes initiated. 
Several  of the t ransponder  breadboard units have been completed, 
and design of the remaining units has  been initiated. 

The developmental traveling-wave 

A significant delay in  completing the solid apogee motor  
specifications and hot gas  control sys tem specifications was en- 
countered. Action has  been taken t o  ensure  completion of these  
documents during the month of October.  
period should include finalizing of s eve ra l  additional transponder 
units and initiation of the procurement  cycle of the hot gas  control 
sys tem.  

The next reporting 
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C. Gordon Murphy 
P r o g r a m  Manager 
P r o j e c t S yn c om 

cc: H. E. Tet i r ick  
Goddard Space Flight Center 
Code 241 
Greenbelt, Maryland 
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1 .  INTRODUCTION 

Under NASA Goddard Space Flight Center Contract NAS-5- 2797, Hughes 
Air  c ra f t  Company is conducting feasibility s tudies  and advanced technological 
development for  a n  advanced, s ta t ionary,  act ive r epea te r ,  communication 
satellite. 

An Initial P ro jec t  Development Plan,  submit ted t o  Coddard on 15 August 
1962,  repor ted  the ini t ia l  sys t em feasibil i ty s tudies  and  delineated technical 
approaches ,  the adminis t ra t ive plan, manpower requi rements ,  schedule,  and  
funding considerations appropriate  for accomplishing the NASA contract  objectives.  

These monthly technical le t ter  r epor t s  present  the technical p rog res s  
made  during the report ing period, the c r i t i ca l  p roblems o r  delays encountered, 
a n d  the plans fo r  the forthcoming reporting per iod.  

Separate  r epor t s  of schedule s ta tus  a re  provided through biweekly P E R T  
r e p o r t s .  Monthly Financial  Management r epor t s  provide the funding s ta tus .  



2. SYSTEM DESIGN STUDY 

ORBIT/TRAJECTORY ANALYSES 

An IBM 7090 computer program for the computation of boost-coast  t ra- 
jec tor ies  (allowing up to  six p r i m a r y  propulsion s tages)  has  been completed, 
checked, and documented. This  three-dimensional  p rogram includes e a r t h ' s  
oblateness ,  allows for  winds and r a i l  launch, and provides  station observables  
and conic p a r a m e t e r s .  It a l so  incorporates  a subroutine that  pe rmi t s  searching 
for those s tage pa rame te r  values yielding a t r a j ec to ry  with p re sc r ibed  t e rmina l  
conditions. 
per formance  in addition t o  serving as a tool f o r  pre l iminary  design. 

This  p rogram w i l l  provide accura te  evaluation of existing booster  

Because the p rogram allows for any combination of boost and coast  
per iods ,  payload optimization for  different parking orbit  al t i tudes of the Atlas - 
Agena vehicle m a y  be studied to determine the "best" parking orbi t  altitude for  
a given final longitude placement. 
al t i tude which yields the maximum injected payload with negligible d r a g  effects 
when in  the  parking orbi t  and during the per igee  passage when in the t r a n s f e r  
orbi t  (should such an ascent  sequence be indicated). 

The best  parking orbi t  altitude may  be that 

SPACECRAFT /ORB IT DYNAMICS 

Gross  Effects of Ground Control Loss  on Advanced Syncom 

In th i s  section a r e  the resu l t s  of s e v e r a l  per turbat ion studies to predict  
the g r o s s  behavior of an initially stationary orbi t  a f te r  l o s s  of ground control 
commands that  normally remove the effects of the two per turbat ion sources ,  the 
t r iax ia l i ty  of the ea r th  and the sun-moon gravitational a t t ract ion.  
an  examination is made  of the effect  of using mean instead of apparent  sun position 
a s  a despinning re ference  for positioning the antenna pencil beam over  the ea r th  
a f te r  l o s s  of ground control.  
at t i tude dis turbing torques due to the effects of gravity gradient ,  magnetic f ie ld ,  
and so la r  radiation p r e s s u r e  unbalance a r e  reported.  

In addition, 

Finally, the est imated maximum magnitudes of 

2-  1 



Triaxial i ty  of the E a r t h  

The effects of the nonspherical  m a s s  distribution of the ea r th  on a 
nominally stationary satell i te have been examined a t  Hughes (Reference l ) ,  
Rand Corporation (Reference 2), and NASA (Reference 3 ) ,  among others.  
par t icu lar  importance i s  the effect of the ellipticity of the e a r t h ' s  equatorial  
section. 
chronous radius  r 

Of 

If the ea r th ' s  gravitational potential in the equatorial  plane a t  the syn 
i s  given by 

C 

whe r e  

R = e a r t h ' s  radius  3441. 7 nautical mi l e s  e 

r = synchronous radius  22, 752. 5 nautical mi l e s  
C 

= gravitational accelerat ion a t  the e a r t h ' s  surface 
g 0  

2 2 goRe = k = e a r t h ' s  constant of a t t ract ion 
2 = 62,  627. 75 n. mi.31sec 

J 2  = coefficient of zonal harmonic  ( ea r th  oblateness)  

= t 1.08219 x 

J 2 ( 2 )  = coefficient of t e s  s e r a l  harmonic (Reference 3) (equator ia l  ellipticity) 
- 6  = - 2 . 2 x  10 

= instantaneous satell i te longitude (posit ive eas tward)  

X = longitude of minor  ax is  of equator ia l  e l l ipse 
0 

Th Rand study shows that the t ime t to dr i f t  through a longitude cha 
I 1 0  degrees  is given approximately by 

2 - 2  
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where 

w = e a r t h ' s  r a t e  = 2 7  radians p e r  day e 

A. = ini t ia l  longitude of satellite a t  t ime of control loss ,  t = 0 
1 

Since the exact location of Xo is yet to  be determined, the wors t  ca se  

dr i f t  ra te  (e.  g. , I X i  - X o l  
repor ted  value of J 2  ( 2 )  (Reference 3 ) .  Thus, 

= 4 5  degree4  will be considered, using the la tes t  

2 2 2 
= ( 9 )  (2.  2 x ( 0 .  15127) (6. 28) (57. 3 )  In'l max 

- 3  deg t 2  [ day2 1 = 1. 025 x 10 

F igu re  2-1 is a log-log plot of the above express ion  showing that the satel l i te  will 
dr i f t  0. 05 and 0. 1 degree a f t e r  7 and 10  days, respectively,  due to the ell ipticity 
of the e a r t h ' s  equatorial  section. The dr i f t  i s  toward the minor  axis  X o r  

X o  t 7, whichever i s  c loser ,  since these locations r ep resen t  positions of stable 

equilibrium. In general ,  the satell i te will execute la rge  -angle oscil lations in the 
equator ia l  plane about the minor  axis. 
init ial  longitude of the satel l i te  relative to the longitude of the minor  axis ,  i. e. 

I x i  - XoI . This 

period reduces to a l i t t le over  2 years  a s  (xi - X o l  approaches z e r o  and i n c r e a s e s  

rapidly to over  5 yea r s  a s  I X i  - X o  1 approaches 90 degrees .  The semiamplitude 

of these  oscil lations is equal to the initial longitude difference between the sa te l -  
lite and the nea res t  minor  axis ,  

0 

The period of oscil lation will depend on the 

F o r  I X i  - X I = 45 degrees ,  the period T is about 2.4 years .  
0 

5 90 degrees .  I X i  - Xol 

It i s  interest ing to note that as  I - X o l  i s  increasing,  the orbi ta l  radius  

r d e c r e a s e s  by an  amount sr; conversely, when I X - Xol i s  decreasing, Sr i s  

positive. 
of the minor  axis  and i s  given by 

C 

The maximum change in 6 occur s  when the satell i te pas ses  the location r 

2-  3 



I C  

5 

v ) '  
W 
W 

El n 

a I 0.5 
Y 

- 
1 a 
t_ 
- 
I 
v) 

W 

3 

0 

n 
k 

4 
I ,  
2 
z 0.1 
X 
Q 

0.05 

0.0 I 
I 5 I 

TIME, t ,  DAYS 

f 

J 
50 100 

Figure 2 - 1. Maximum Longitude Shift of Stationary 
Satellite due to Ear th  Triaxial i ty  Per turba t ion  
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o r  

z 20.4  sin I xi - nautical  mi l e s  I 6' m a x  I 
0 I I X i  - X o l  5 9 0  degrees  

Finally,  the t r iaxial i ty  of the ear th  causes  no change in the inclination of 
a n  equator ia l  synchronous orbit ,  and the maximum control sys tem velocity 
increment  requi red  to c o r r e c t  to  in-plane effect i s  about 7 fps  per  yea r  a s  
repor ted  in Reference 3 .  
the value used for  J,(2) was about (-5. 5 x 10-  6 ), yielding 17. 7 fps  fo r  the 

requi red  velocity correction. 

In the Project  Development Plan,  15 August 1962, 

Sun-Moon Effects 

The main  effect of the sun and the moon is to cause the inclination of the 
s ta t ionary orb i t  to increase  a t  the maximum rate  of about 0. 95 degree p e r  yea r  
(0. 8525 degree  pe r  yea r ,  according to Reference 2)  fo r  the f i r s t  1 0  to  15 y e a r s  
a f t e r  ground control loss.  This  resul ts  i n  a north-south oscil lation of the 
satel l i te  with a period of 1 s iderea l  day and with an amplitude that i nc reases  
with the above rate.  Of this  amplitude rate ,  the moon contributes a maximum 
of about 0. 685 degree p e r  yea r ,  and the sun contributes 0. 27 degree pe r  year .  

An approximate expression for  the inclination increase ,  Ai with t ime,  t ,  
f o r  a perturbing body p i s  given by PY 

2 a i  E A~ [ (npt) t sin' ( n  t )  - 2 n t cos  (n  t t 2 v 
P P P P PO 

where  

2 k = constant of a t t ract ion of perturbing body 
P 

n = stat ionary satell i te angular velocity = w = 2 7 ~  radians pe r  day 
0 e 

n = perturbing body angular velocity 
P 



R = distance between cen te r s  of ea r th  and perturbing body 
P 

I = inclination angle of perturbing body orbi t  plane to e a r t h  equator ia l  
P plane 

v = initial polar angle of perturbing body relat ive to  satell i te a t  t = 0 
PO 

Now, for  the moon,we have 

2 = 0. 0123 k 2 k = k  P m 

2 7  n Z -  rad ians  p e r  day = n p 27. 3 m 

I = Im where 18. 317 degrees  L Im 5 28. 584 degree's 
P 

R = R Z 60. 267 R 

A = A 5 0. 00814 degree 

P m e 

m P 

F o r  the sun,we write 

2 2 k = k = 333,000 k P S 

2 a  r a d  n = n  I - 
P s 365. 25 day 

I = I = 23.45 degrees  

R = Rs 2 . 3 4 ~  10 Re 

A = A 5 0. 0432 degree  

P S 

4 
P 

P S 

F igure  2-2 is a plot of the inclination i n c r e a s e  due to the sun and moon as 
a function of the polar angle of the per turbing body where  vpo = 0.  
the diurnal motion has been averaged out over  one o rb i t a l  per iod ( 2 4  hours ) .  
The f igure shows that the moon will induce an inclination inc rease  of about 
0. 05 degree  at the end of 1 s ide rea l  month (27. 3 days) ,  while the sun will  cause  
this  inclination change a t  the end of 68. 5 days.  It will  take approximately twice 
as long to acc rue  an inclination of 0. 1 degree  due to  the sun and moon. 

The effect  of 

2-6 
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It should be noted, however, that  even if the inclination magnitude exceeds 
the ground antenna pointing angle l imi t s  with respec t  to satel l i te  latitude deviations, 
the diurnal oscil lation will  cause the satell i te to c r o s s  the equator twice a day and 
come within the pointing angle limits of the ground antennas f o r  a t  l ea s t  a f ract ion 
of each day (assuming no longitudinal dr i f t  due t o  tr iaxiali ty).  Thus, i f  the sa te l -  
l i te  init ial  longitude i s  located close enough to  a minor  ax is  of the equator ia l  
ell ipse so that the resul tant  longitudinal dr i f t  r a t e  is made comparable  to the r a t e  
of i nc rease  of inclination due to the sun and moon, the useful continuous com-  
munication per iod (a f te r  ground control l o s s )  of the satel l i te  can be optimized 
with respec t  to the ground antenna pointing l imitations.  
for  providing communicationperiods equal to some minimum fract ion of a day 
(resul t ing in a required satel l i te  longitudinal placement c lose r  to the minor  axis  
than fo r  the continuous communication case).  

A s i m i l a r  argument  holds 

Finally, the in-plane effect  of the sun-moon per turbat ion on the satel l i te  
orbi t  is  shown to be small f rom a ground antenna tracking standpoint (Reference 
2). In par t icu lar ,  the maximum possible tangential  deviation f r o m  an  init ial  
longitudinal position i s  l e s s  than 39 nautical mi l e s ,  o r  about 7 minutes  of a r c  a s  
seen f rom the ea r th ' s  surface.  

Effect  of Equation of Time on Syncom Penci l -Beam Pointing 

The relative longitude of the sun with respec t  to the satel l i te  i s  shown to 
be (Reference 4) 

= X i  - 180 degrees  - w (UT t E) (degrees )  e 

where 

X i  = initial longitude of satel l i te  in deg rees  eas t  of Greenwich 

w = ea r th ' s  ra te  of rotation = 15 degrees  p e r  hour  e 

UT = Greenwich mean  t ime  (Universal  T ime) ,  hours  

E = equation of t ime 

= apparent ( t r u e )  minus mean  right ascens ion  of sun, hours  

Thus, 

equator ia l  plane and the upward local  ve r t i ca l  of the satel l i te  location. 
used a s  the despinning re ference  angle f o r  pointing the maximum gain of satel l i te  
pencil-beam pattern along the local ver t ica l  toward the ear th .  
control link is operative,  the c o r r e c t  value of E can  be periodically commanded 

Xs i s  the angle between the projection of the satel l i te-sun l ine onto the 

This  i s  

When the ground 
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to  make  up f o r  the seasonal  changes i n  the difference between the mean sun and 
apparent  sun position. If, a t  t = 0, ground control i s  lost ,  the subsequent point- 
ing e r r o r  s), of the pencil-beam maximum is given by 

where 

6 E /  6 t  = daily r a t e  of change of E tabulated in  the Amer ican  Ephemer i s  
and Nautical  Almanac 

w = e a r t h ' s  r a t e  e 

= 15 degrees  pe r  hour 

Although 6 E / 6 t  is essent ia l ly  a periodic function fo r  each y e a r  of the form 
(where I a o I s  Ia31* Ia41 < IaiI < Ia2I) 

(t - to) 47r ( t  - to)  

3 65 t a cos 6E 6 t  - a t a cos  27r - -  
0 1 365 2 

87r ( t  - t ) 

3 65 
0 

6 7 ~  ( t  - to) 
t a cos  3 65 4 t a cos 3 

it cannot be direct ly  integrated until the re ference  date t = 0 i s  known relat ive to  
the beginning of the y e a r  to. 

An examination of the Amer ican  Ephemeris  f o r  1962 and 1963 shows that the 
posit ion of the hour  angle of the mean sun is never  m o r e  than 1 6  minutes  (of t ime)  
or 4 degrees  f r o m  the t r u e  sun, with a peak-to-peak var ia t ion 6E 

minutes  (1770 seconds) o r  7.4 degrees.  Fu r the rmore ,  the maximum value of the 
r a t e  of change of E i s  

However, some upper  bounds can be established. 

of 29.5 max  

seconds = 30 6E 
(E) max day 

Thus, under  the wors t  conditions, such a s  ground control loss  when 6 E / 8 t  i s  
maximum,  

2 -9 



= minimum [O. 125 t ,  7 .43 (degrees)  

I sin pencil-beam pat tern whose gain is 3 db down k 0  where t i s  in days. 

a t  0 = 8. 6 degrees ,  the 2-db down point occu r s  a t  8 = 7 degrees  f r o m  the local 
vertical .  

Now fo r  a 

If this angle consti tutes the allowable pointing e r r o r  SAa fo r  usable 

I communication signal strength,  i t  will take a t  l eas t  56 days a f te r  ground control 
loss  to acc rue  7 degrees .  
signal strength for  cer ta in  land m a s s e s  (eas t  o r  wes t  of the satell i te nadir ,  
depending upon the direction of the shift of the pencil beam which, in turn,  depends 
on the yea r  and season of ground control loss) ,  the maximum useful t ime interval  
f o r  operation a f t e r  ground control loss  will be determined only by ground antenna 
tracking l imitations in the face of perturbation-induced dr i f ts ,  a s  d i scussed  
ea r l i e r .  

If a pointing e r r o r  of 7. 4 deg rees  s t i l l  provides useful 

Disturbing Torques (References  4 and 5) 

Gravity Gradient. Since the spin ax is  is no rma l  to the plane of the orbi t ,  
the dominant inverse  squared t e r m  of gravitational a t t ract ion does not give r i s e  
to  any torque on the satellite. 
equatorial  plane, the torque, due to  oblateness,  will  be init ially zero.  To 
es t imate  the o r d e r  of magnitude of gravity gradient  precess ion  r a t e  due to the 
sun-moon induced inclination increase  of the satel l i te  orbit ,  Williams (Reference 5 )  
observes  that in  the inverse square f ie ld  this  r a t e  i s  given by 

Fur the rmore ,  since the init ial  orbi t  i s  in the 

7 

where 

R = ea r th ' s  rad ius  e 

= surface gravi ty  a t  R g0 e 

r = stationary orbi ta l  radius  e 

2- 10 
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moment of iner t ia  about the spin axis 
-. 

50. 6 slug-ft' (half-l ife value) (Reference 6)  

moment  of iner t ia  about normal  to spin ax is  

37. 8 slug-ft (half-l ife value) (Reference 6 )  2 

satel l i te  spin r a t e  

100 rpm = 10. 5 r ad / sec  

sun-moon induced inclination r a t e  of s ta t ionary orb i t  

0. 95 deg ly r  = 1. 66 x r a d l y r  

The maximum precess ion  r a t e  due to oblateness i s  shown to have the o r d e r  of 
magnitude of 

Magnetic Field.  Two effects result  f rom eddy cu r ren t s  in t h e  satel l i te  
induced by the presence of a magnetic field: 

1)  The spin speed wz i s  damped, d wz/dt < 0. 

2) The spin axis  p r e c e s s e s  toward the instantaneous magnetic field. 

F o r  an  electr ical ly  symmetr ica l  s t ruc ture ,  Williams (References  4, 5, 
and 7 )  shows that the precess ion  r a t e  8 and spin speed GZ can be conservatively 
r ep resen ted  by 

- sin 8 cos 0 e =  
T O  

* -  - s in2  0 
w -  W z z 

2 P  T~ = - = minimum damping constant 2 U B  
0 

2-11 



I 
where 

8 = angle between the spin ax is  and the magnetic field 

p = density of idealized satell i te cylindrical  shell  (with m a s s l e s  
perfectly conducting end planes) 

3 = 2650 k g / m  fo r  aluminum 

CT = specific surface conductivity 

= 3. 54 m h o s / m e t e r  f o r  aluminum 

B = magnetic field induction a t  r due to  e a r t h ’ s  magnet ism 
0 C 

R 3  
I 0. 630($) gauss  

C 

2 5 2 .  18 x Webers /me te r  

Thus, 
14 

= 3 .  165 x l o 9  seconds = 100 y e a r s  1 . 5  x 10-  
T =  

4.74 1 0 - l ~  0 

i = -  0 0 5 6  - -  - 2.8 x radians pe r  y e a r  = - 0. 16 degrees  pe r  
2 x 100 

yea r  

Ll Z / W z  0. 852 x rad ians  p e r  yea r  

Hys te re s i s  effects m a y  contribute additionally to the damping of spin, but 
predictions a t  this  t ime m a y  be premature.  
m a y  be made by comparing with some spin speed decay data of T e l s t a r  due to 
hys t e re s i s  (Reference 8). 

However, a conservat ive es t imate  

If the spin speed w obeys an  exponential decay law 
z 

I 
I 
I 

then the Te l s t a r  data exhibits a t ime constant, fh, of 

= 320 days rh 
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NOW, 
nautical  mi l e s  respectively,  the field strength is  about 300 t imes  that of a 
synchronous satell i te,  so  that the hys te res i s  decay t ime constant should be 
considerably longer for  Syncom. 

since the per igee and apogee altitudes of Te l s t a r  a r e  about 515 and 3043 

The precess ion  r a t e  due to the torque c rea t ed  by the magnetic moment  of 
the satell i te and the e a r t h ' s  magnetic field Bo is a l so  expected to be smal l  a t  the 

synchronous radius.  

m e t e r s  ), the precess ion  ra te  8 may  be es t imated  by (Reference  7 )  

If the magnetic moment is expressed  in ( ampere - tu rns -  
2 

m 

-10 r a d /  sec  = 3 x  10 m B niA sin 8 i, 
6 z 0  ' niA s in  8 amp-  turn-m2 

I Z  wz 
m 

- 0. 053 deg /y r  
2 

- 
amp-  t u r n - m  

where  

ni = magnetic-moment-inducing cu r ren t  ( ampere  tu rns )  

A = a r e a  enclosed by cur ren t  loop ( m e t e r s  ) 
2 

8 = angle between B and normal  to A 
0 

B = e a r t h ' s  f ield strength at  rc  

2 = 2.18 x l o e 7  Weber lmeter  

E 50. 6 slug fee t2  = 50. 6 x 1. 36 = 69 kg - m 

0 

2 I = 69 Newton-meter-  
2 Z 

second 

w = 10.5 r a d / s e c  
Z 

Solar  Radiation. Solar radiation p r e s s u r e  unbalance is the mos t  s ig-  
A simple model fo r  calculating this effect i s  a 

Con- 
nificant torque yet es t imated.  
cyl inder  with perfect ly  reflecting ends and completely absorbing sides.  
s idera t ion  of the varying geometry during the course  of a year  shows that there  
is a n  ave rage  p recess ion  of the spin axis in the direction of the intersect ion of 
the orb i ta l  (equator ia l )  plane (no rma l  to the init ial  spin ax i s )  and the ecliptic 
plane. 
magnitude i s  

By integrating the precess ion  ra te ,  Will iams (Reference 4 )  shows that the 

- sin 2 i  
W 

$ f = -  - 7rs a 2 h  I 
z z  

8 C  
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where  

S / C  = ra t io  of so la r  constant to speed of light 

2 = 0. 957 x lb / f t  

= ,O.  957 x 10 slug/f t  - s e c  - 7  2 

a = radius of the cylinder 

= 23. 5 inches = 1. 96 fee t  

h = height of the cylinder 

= 25 inches = 2. 08 feet  

i = inclination of the orbi t  to the ecliptic 

= 23. 6 degrees  

2 I = 50. 6 slug-ft 
Z 

w = 10. 5 r a d / s e c  
Z 

Thus, the maximum precess ion  ra te  magnitude is 

I N  TERFA CE WITH AGENA - D 

The coordination conducted with Goddard and the Lockheed Miss i les  and 
Space Company (LMSC) h a s  been addres sed  p r imar i ly  to  th ree  a r e a s :  
t u ra l  dynamic interactions among the Syncom I1 spacecraf t ,  t he  interconnect  and 
bearing table s t ructure ,  and  the Agena-D vehicle;  the mechanical ,  environmental ,  
and e lec t r ica l  interfaces;  and the exchange of synchronous orb i t  injection p e r -  
formance  pa r a m e t  e r s and requirements .  

the s t ruc -  

The uti l i ty of the dynamic environm 2ntal developmental  t e s t s  to  be p e r -  
fo rmed  on the engineering model s t ruc ture  would be g rea t ly  enhanced by the 
use of an  actual  interconnect s t ruc ture ,  bearing table,  and mechanical  interface.  
Vibration and accelerat ion inputs would thus be made  a t  the Agena-D, and proper  
f requencies  and magnification f ac to r s  could then be  determined.  
savings could potentially a c c r u e  f r o m  this  approach,  because the special  t e s t  

Overa l l  p rog ram 
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fixture that s imulates  th i s  equipment would then not be requi red  and because a 
m o r e  rea l i s t ic  r ep re  sentation of the launch environment could be obtained. 

Design of the inters tage m u s t  include adequate provisions for  R F  checkout 
of the communication sys t ems  on the launch pad and should give consideration to  
the possible operation of the communication system throughout launch and orbi t  
injection. 

P re l imina ry  Mark I1 launch pad a i r  conditioning requi rements  a r e  a s  
follows: 

Payload heat dissipation: 

100 wat ts  of 2. 5-watt traveling-wave tubes 

125 wat ts  of 3. 0-watt traveling-wave tubes 

200 wat ts  of 5. 0-watt traveling-wave tubes 

Tempera tu re  l imi t s  of ambient air  under shroud cover:  

t 5 0 " F  to t 8 0 " F .  

Relative humidity: 

20 to 50 percent  

Dust par t ic le  s ize  and count: 

Pa r t i c l e  Size, Count, pe r  
mic rons  cubic feet  

1. 0 to 15. 0 140, 000 

15. 1 to 30. 0 96, 500 

30. 1 to  55. 0 13,500 

Total Count 
p e r  cubic foot 

Not over  250, 000 

55. 1 to 70. 0 2,500 

Over  70. 0 1 , 0 0 0  

The assembly  t e s t  and t ransport  areas should provide equivalent 
environment s. 

Based  upon information provided by Goddard and LMSC, pre l iminary  unit 

Responses  ac t  through the component center  of gravi ty  in the indicated 
response  e s t ima tes  have been derived; the tabulated es t imates  a r e  a t  qualification 
levels. 
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direction. 
components not l isted i s  es t imated  to be 50 g. 

La te ra l  responses  ac t  in any rad ia l  direction. The total  response of 

Environments 

Sinusoidal Excitation ( a l l  t h ree  axes,  log sweep at  2 octaves pe r  minute,  4. 6 
minutes  duration): 

5-15 cps 
15-250 cps 

250-400 cps 
400-3000 CPS 

0. 25 -inch double amplitude 
3 g peak 
5 g peak 
7.  5 g peak 

Random Excitation ( 6  minutes  along each of th ree  axes) :  

2 
0. 04 g / c p s  2 20-80 cps 

80-1 280 cps  Increasing f r o m  0. 04 g / cps  
a t  1. 2 2  db/octave 

1280-5000 cps 0. 07 g 2 / c p s  

Shock Excitation (applied only to components, t h r e e  shocks in each direct ion):  

Longitudinal: 
La tera l :  

30 g sawtooth pulse of 0. 015 second duration. 
15 g sawtooth pulse of 0. 015 second duration. 

Antenna e le c t ronic s 
T raveling -wav e tubes 
Ele  ct roni c s package s 
MMH and N 2  tanks 
Telemet ry  t ransmi t te r  
Conve r t e  r 
Solar panel 
Bat tery pack 
Therma l  switch 
Nutation damper  

Responses 

Maximum Longitudinal 
Response, g 0-Peak,  
approximately 80 cps  

30 
30 
30  
30 
18 
18 
30 
30 
18 
30 

Maximum La te ra l  Response,  

approximately 40 cps 
g 0-Peak,  

30 
30 
30 
30  
30 
30 
30 
30 
30 
30 

The genera l  t ransmissibi l i ty  envelope fo r  components is given i n  
Table 2-1. 
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Longitudinal 
Amplification 

TABLE 2-1. COMPONENT TRANSMISSIBILITY ENVELOPE 

La te ra l  
Amplification 

Frequency,  

10  
5 
2 
1 

5- 20 
20- 60 
60-  100 

300-500 
500- 2000 

100-300 
5 
5 
2 
1 

Frequency,  
CPS 

5- 20 
20- 60 
60-  100 

300-500 
500- 2000 

100-300 

I 1 
5 
5 1 0  5 1  

S Y  S TE M RE LIA BILIT Y S T UDIES 

System reliabil i ty studies during the reporting period included 1 )  an  
analysis  of the probabili ty of miss ion  success  for  each communications mode, 
2) modification of the reliabil i ty program for  the IBM 7090 computer to incor -  
porate  the launch sequence effects on orbital  reliabil i ty,  
examination of the command subsystem to  determine weight-redundancy 
(rel iabi l i ty)  tradeoffs,  and 4) a general  updating of the reliabil i ty d iagram to 
include the design and modification of units and subassemblies .  

3) a pre l iminary  

The reliabil i ty section of the Initial P ro jec t  Development P l a n  ( I P D P )  
presented  l ifetime curves  f o r  total communications, i. e. the multiple a c c e s s  
mode and frequency t ranslat ion mode combined, and te lemet ry  f o r  the orb i ta l  
miss ion  phase. 
opera te  simultaneously a t  1 00-percent duty cycle (a conservative e s t ima te )  and 
that the surv iva l  of one frequency translation rece iver  would be adequate fo r  
successfu l  communication. 
simultaneously,  a n  ana lys i s  has  been performed to determine the reliabil i ty 
of each communications mode during the orbi ta l  mission,  again assuming a 100- 
percent  duty cycle (wors t  case  analysis)  f o r  each. 
curves  express ing  the probability of successful multiple a c c e s s  (F igu re  2-3) and 
frequency t ranslat ion (F igu re  2-4)  communications fo r  a t  l eas t  one, two, t h ree  
or fou r  effective quadrants  surviving a d i sc ree t  mi s s ion  period. These l ifetime 
cu rves  superimposed fo rm envelopes for each quadrant plot which determine 
minimum and maximum reliabil i ty l imits  fo r  the spacecraf t  communication 
sys t em operat ing 100-percent  of the time. 
by a plot of 50-percent  probability of survival in te rcepts  fo r  each mode, F igure  
2-5. F u r t h e r  definition and allocation of each t ransponder  mode duty factor  
will again provide composite l ifetime curves  for  total  communications which 
should fall between the l imi t s  presented. 
upon the IPDP spacecraf t  configuration and pre l iminary  unit reliabil i ty es t imates ,  
which wil l  necessa r i ly  be updated as  the spacecraf t  configuration is detailed and 
confirmed. 

This analysis  was based upon the assumption that both r ece ive r s  

Since each rece iver  o r  mode may  not operate  

The resu l t s  yield l ifetime 

This m a y  be m o r e  readi ly  visualized 

However, these es t imates  a r e  based 
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Quadrant Survival  
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The mathemat ica l  model  representing the orbi ta l  configuration during 
e i ther  communications mode m a y  be expressed  by the following equations fo r  
reliabil i ty,  with the c h a r a c t e r s  defined by the IPDP. 

Mul-tiple Access  Communication Mode 

R~~~ R~~~ R~~ [ l  - (1 - R 

Frequency  Trans la t ion  Communication Mode 

41 
R~~~ = IRBRS0)[  ( 4  - r ) !  r !  [@CX(l ’ PsXcxt) R F T ]  

r = 1 ,  2, 3 , 4  

2 
VOC RJ)  I R P S  R~~~ R~~~ R~~ [l - ( 1  - R 

An essent ia l  reliabil i ty study in th i s  p rogram is the determination of 
mis s ion  reliabil i ty incorporating the launch sequence reliability, boost and 
synchronization-orientation. The mathematical  analysis  of the probability of 
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survival  through the launch sequence and i ts  effect upon the orbi ta l  phase r e l i a -  
bility i s  m o r e  subtle and complex than might be expected. 
nonredundant system, the overal l  miss ion  reliabil i ty may  be simply expres sed  
by the product of the equipment survival  probabili t ies fo r  each miss ion  phase 
sequence. However, in a highly redundant sys tem such a s  the Advanced Syncom 
spacecraf t ,  th i s  technique provides an  incomplete mathemat ica l  model. It might 
be suggested that  the probability of survival  of redundant equipment through a 
par t icu lar  phase sequence, such a s  boost, be computed independently of the 
following phases  and the resu l t  multiplied by the reliabil i ty of the following 
sequence, such a s  orbi t ,  which is computed f rom accepted express ions  of 
redundancy. 
in the I P D P  were  based upon the assumption that a l l  equipment survived the 
launch sequence; in o ther  words,  the launch sequence reliabil i ty was a s sumed  
equal to one. By the technique descr ibed in the I P D P ,  the probabili ty of one 
equipment failing and the second remaining operable ,  considering a redundant 
pair ,  was  not included in  the mathematical  analysis.  Therefore ,  a m o r e  c o r r e c t  
method i s  to define the equations that descr ibe  a l l  possible modes of survival 
for  redundant equipment that undergoes multiple miss ion  phase sequences in i t s  
l ifetime, such a s  launch and orbi t  in  the Syncom application. 
operation of equipment, the general  equation m a y  be wr i t ten  a s  

In the case  of a 

Here i t  must  be recal led that the pre l iminary  orb i ta l  analyses  

F o r  para l le l  

n m 

where 
R = the reliability of the para l le l  combination 

P 
n = number of miss ion  phase sequences 

Ri = reliability of the equipment during the ith phase sequence 

m = number of redundant equipment 

The general  express ion  for  reliabil i ty of equipment in a standby con- 
figuration m a y  be written a s  

n - 1  n - 1  s - q  
I7 R q  Rn (1 - n Ri) 

R S = i[ ( s - q ) !  q !  i = l  1 i = l  q = l  

S 

(q  - 1): 
t .... 

2-20 



where 

Rs  = reliabil i ty of the standby configuration 

s = number of equipment in the standby configuration 

q = an  integer O <  q 5 S 

n = number of mis s ion  phase sequences,  i. e. boost, synchronization- 
orientation, orbi t  (3)  

Ri = reliabil i ty of one equipment during the ith phase sequence 

Rn = reliabil i ty of one equipment during the final phase sequence 

P = probability of successful operat ion of the switching function 

X = fa i lure  ra te  of one equipment during the nth phase sequence 

t = specified t ime associated with the nth sequence 

S 

r = an  integer = q t 1 l < C l  s 

A s  noted above, the genera l  expression fo r  a s e r i e s  equipment i s  s imply 

n 

i = l  
R =  Ri 

where 

R = reliabil i ty of the s e r i e s  equipment 

n = number of sequence intervals 

Ri = reliabil i ty of the equipment during the ith sequence interval  

These equations have been developed by a n  examination of survival  probabili t ies 
f o r  each sequence interval  and the effect of equipment fa i lure  o r  survival  upon 
subsequent intervals.  
read i ly  apparent ,  the formulation of a "truth table" will validate the i r  applicability 
to a rel iabi l i ty  analysis  of multiple mission phase sequences. 

Although the development of these express ions  may  not be 
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The computer p rogram developed for  the reliabil i ty analysis  of the 
Advanced Syncom spacecraft  configuration h a s  been updated during th i s  repor t  
period to include these equations and the general  capability to evaluate multiple 
sequence reliability. It i s  expected that the following p rogres s  r epor t s  will 
include the redefinition of the spacecraf t  mathematical  model incorporating 
boost, synchronization-orientation, and orbi ta l  re l iabi l i t ies  in the t e r m s  
described, along with l ifetime curves.  It m a y  be noted that the mathematical  
model descr ibed i n  the IPDP i s  essent ia l ly  accura te  and includes the boost (RB) 
and synchronization-orientation rel iabi l i t ies  (R  ). However, the derivation 
of RBRSO i s  not straightforward and, therefore ,  the technique descr ibed  he re in  
has  been developed to include the effects of these sequence intervals  upon the 
orbi ta l  r e  liability. 

so 

The mathematical  model has  been developed in sufficient detail  to proceed 
with related studies of launch and orbi ta loperat ions in o r d e r  t o  determine the l imi t s  
to  be expected of such p a r a m e t e r s  a s  launch ra te  to  es tabl ish the initial sys tem 
availability a s  a function of continued launch rate ,  sys tem replacement  c r i t e r i a ,  
and other operations analyses.  

A prel iminary examination of the command subsystem to determine tra.de- 
of fs  has  a l so  been undertaken. 
determined by the number of channels required by the decoders ,  something yet 
to  be defined. Therefore,  the present  recommendations will depend, too, upon 
the number of decoder channels required.  This  analysis  h a s  shown that, fo r  the 
present  spacecraf t  configuration (55 decoder channels),  a substantial  gain in 
reliabil i ty i s  experienced by having a t  l eas t  t h ree  quadrants  of command. The 
reliabil i ty gain for  the fourth quadrant of command i s  sma l l  but may  become 
significant a s  the complexity of the decoder increases .  Resul ts  of the ana lys i s  
will be published in a l a t e r  report .  

It i s  readily apparent  that these tradeoffs will be 

In addition to the tasks  descr ibed above, a genera l  upgrading of the 
reliabil i ty diagram and i t s  component p a r t s  is in  process .  This upgrading i s  
a continual p rocess  required a s  the design is defined and tradeoffs during the 
developmental program occur.  
and es t imates  based upon accura te  component information and fur ther  ana lyses  
and definition of the Syncom miss ion  will be formulated as  the design m a t u r e s  
and will be given in  la te r  reports .  

Revised unit and subsys tem reliabil i ty objectives 

COMPONENTS AND MATERIALS 

A c ross - r e fe rence  l is t  of vendor par t  numbers  fo r  r e s i s t o r s ,  capac i tors ,  
and semiconductors in the P r e f e r r e d  P a r t s  Lis t  i s  being prepared  to  a id  c i rcu i t  
designers  in the initial use  of p r e f e r r e d  parts.  
during the next report  period. 

This  l i s t  should be completed 

Mark I drawings a r e  being re-examined to de te rmine  if components used 
in Syncom I should be modified for  Syncom 11. 
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Elemen t s  of the ferrite phase shifter fo r  the t ransmit t ing antenna sys t em 
have been examined; both the f e r r i t e  and insulating ma te r i a l  a r e  acceptable 
f o r  space environment. The ma te r i a l  in  which the electromagnet ic  coil  is  dipped 
is  now being examined in  vacuum. 
m a y  be ordered ,  with one additional change of material t o  be  incorporated by the 
vendor. 

If it i s  satisfactory,  fully acceptable coils 
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3. ADVANCED TECHNOLOGICAL DEVELOPMENT 

DUAL- MODE TRANSPONDER 

Genera l  p r o g r e s s  i s  sat isfactor i ly  on schedule with no ma jo r  problems 
encountered during this period. 

Negotiations a r e  under way for final specifications with Rantec on the 
dual-sideband f i l t e r  (4170 m c  and 4080 m c ) ,  the dual-f i l ter  hybrid (211 2 m c )  of 
the frequency t ranslat ion transponder,  and the bandpass f i l t e rs  (2085 m c  and 
21 19 m c )  of the mul t ip le -access  transponder.  
i s  under  way on the 6390-mc dual-mixer,  the 66-mc m a s t e r  osci l la tor ,  and 
the 144-mc beacon osci l la tor .  
amplif ier  and the I F  amplifier has  been completed, and procurement  f r o m  Hycon 
Manufacturing Co.,  of the dual-fi l ter  hybrid (4170 m c )  i s  in process .  Drawings 
a r e  complete f o r  the dual m i x e r  and stripline R F  power spl i t ter ,  and fabricat ion 
of models  has  begun. 

P re l imina ry  breadboard design 

Breadboard fabricat ion of the wide-band p r e -  

Six 21 1 2-mc i so la tors  of the frequency t ranslat ion t ran3ponder ,  three, 
2085-mc i so la tors ,  and three  2119. 14-mc i so la tors  of the multiple a c c e s s  
t ransponder  a r e  being modified to meet  Mark I1 frequency specifications. 
design on th i s  prototype isolator  configuration i s  being accomplished, par t icu lar ly  
the determinat ion of the garnet  dimensions (F igu re  3-1) .  
ings f o r  fabr icat ion of these 12  isolators  a r e  completed. 

F ina l  

A portion of the draw- 

Figure 3-1. Isolator Redesigned for  
Mark 11 Transponders  
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Output Relay Prototype R F  Power  Switch 

Breadboard design is under way to prove the feasibil i ty of the f e r r i t e  
"latch" type R F  power switch, which u s e s  a f e r r i t e  c i rcu la tor  with a permanent  
magnetic field that can  be switched electronically.  
indicate that the breadboard design will be operational. Size and weight will be 
l e s s  than the fe r r i te  isolator  design (4 ounces, 2. 5 inches outside d iameter ,  
0. 5 inch thick) of Syncom I. 

P re l imina ry  exper iments  

The switchable permanent  magnet ic  c i rcu i t  design of this  prototype was  
successful,  due to i ts  low driving power requi rement  (instantaneous application 
of 3 a m p e r e s  required-to-switch).  
0. 2 db R F  l o s s  can be met. 

i s  expected to be the final package configuration. 
a r e  Type TNC. 

It a p p e a r s  that  the e lec t r ica l  specification of 

A second model  power switch, refined to l ighter weight and s m a l l e r  s ize ,  
The input and output connectors  

TRAVELING-WAVE TUBE 

The initial tube design h a s  been completed, drawings have been prepared ,  
and fabricat ion begun. 
during the next repor t  period with additional tubes to be available at  a l a t e r  date. 
Anticipated beam efficiency is  25 percent ,  with the helix voltage of 1050 volts. 
Gain is  expected to be approximately 35 db. The gun design m a y  necess i ta te  
fur ther  refinement,  following evaluation of the f i r s t  tube. 
given to making the tube slightly longer than the present  configuration to  obtain 
higher efficiency. 
scheduled f o r  the f i r s t  week of October;  p a r a m e t e r  measu remen t s  a r e  scheduled 
to be completed during the second week of October.  

The first  developmental tube will be available f o r  t e s t  

Consideration will  be 

Completion of a s sembly  of the f i r s t  developmental  tube is 

A triangulated ba r re l ,  used successful ly  in  o ther  tube designs,  is  being 
Because the manufacturing p r o c e s s e s  for  th i s  b a r r e l  a r e  e a s i e r  to control,  used. 

quality is bet ter .  
tube, and res i s tance  to  vibration will be increased .  

The helix t empera tu re  will be lower  than that i n  the Mark  I 

PHASED -ARRAY TRANSMITTING ANTENNA 

The 8-kmc breadboard antenna and control  c i rcu i t ry ,  which h a s  been in 
operation, i s  being modified into a breadboard  at  4 kmc  a s  new components a r e  
developed (F igu re  3-2). show the beam pa t te rns  obtained 
f r o m  the 8. 8 - k m c  breadboard phased a r r a y  antenna with the beam rotating and 
the t r a c e s  represent ing different aspec t  angles  separa ted  by 1 0  deg rees ;  g i s  
cal ibrat ion data f o r  the above, and h shows the sinusoidal inputs t o  the analog 
c i rcu i t s  and the complex waveforms applied to the f e r r i t e  phase sh i f te rs .  
Initially the antenna and phase sh i f t e r s  will be rep laced  with minor  modi f ica-  
t ions in the power amplif iers  that dr ive the phase shif ters .  Eventually a l l  the 
ea r ly  breadboard digital and analog c i rcu i t s  will  be replaced. 

In F igu re  3 - 3  a to f 
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The IBM 7090 digital computer program used to determine the optimum 
configuration of the a r r a y  has  been modified to determine tolerances in  the 
c ont r ol  c i r cuit s . 
A r r a v  De vel o Dme nt 

Work i s  progressing on a parallel  bas i s  on both horizontally and 
ver t ical ly  polarized elements .  
with TM type connectors that join mating connectors on a base plate; in this  
way the individual e lements  a r e  easi ly  removed so that both type a r r a y s  can 
be studied to determine which i s  best. 

The breadboard elements  a r e  being fabricated 

Figure 3-2 .  Initial Breadboard of 
16 -Element Vertically Polar ized  

4 kmc Antenna A r r a y  
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Figure  3 - 3 .  Beam P a t t e r n s ,  Cal ibrat ion Data ,  Sinusoidal  Inputs and 
Complex Waveforms Obtained f r o m  8. 8 k m c  Breadboard  

P h a s e d  A r r a y  Antenna 
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F i g u r e  3 - 3 .  (Cont.  ) B e a m  Pa t t e rns ,  Cal ibrat ion Data,  Sinusoidal  Inputs 
and Complex Waveforms Obtained f r o m  8. 8 kmc 

Breadboard  Phased A r r a y  Antenna 
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Vert ica l  Polarization. The ver t ica l ly  polar ized.antenna e lements  have 
been sca led  f r o m  the Syncom I t ransmi t t ing  antenna. Each  element  cons is t s  of 
a col l inear  a r r a y  of four  half-wave dipoles f ed  f r o m  gaps in  the ou te r  wall  of a 
coaxial  t r ansmiss ion  line. 
the element.  The p a r t s  fo r  all 16 e lements  have been f ab r i ca t ed  and a r e  being 
assembled .  
f o r  testing. 
by using coaxial  feed l ines  cut to  length. 
a p re l imina ry  assembly  a r e  i l lus t ra ted  in  F igu re  3-4. 

A f iberg lass  s leeve f o r  additional s t rength  cove r s  

Each  e lement  wil l  be matched  and then a s sembled  into the a r r a y  
Until the  phase sh i f te rs  a r e  completed,  s ta t ic  t e s t s  will  be made  

An exploded view of each e lement  and 

F igure  3 - 4 .  One Element  of 16-Element  
Vert ical ly  Po la r i zed  4 kmc  Antenna A r r a y  
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Figure  3 - 5 .  Cloverleaf  Radiating Element  

Horizontal  Polar izat ion.  De sign effor t  h a s  been d i r ec t ed  toward  scaling 
a UHF cloverleaf antenna a r r a y  to obtain the d e s i r e d  omnidirect ional  pa t t e rn  
with horizontal  polarization. 
section (F igu re  3-5) .  
design w e r e  1 )  obtaining the c o r r e c t  resonant  f requency ,  2) obtaining the d e s i r e d  
coupling f r o m  the single c lover leaf ,  and 3 )  el iminat ing the s t r a y  c u r r e n t s  flowing 
along the outside of the coaxial  line, which give r i s e  to  end-f i re  b e a m s  of approxi-  
mate ly  the s a m e  amplitude a s  the des i r ed  broads ide  beam. 
design problems were  solved a s  follows: 

All t e s t s  to  date used  a single c loverleaf  t e s t  
The m a j o r  p rob lems  encountered  with th i s  c lover leaf  

Tentatively,  the 

3-6 



1)  The resonant frequency problem was solved f i r s t  by decreasing the 
diameter  of the four loops constituting the cloverleaf,  which, 
however, resul ted in  lower coupling. 

2 )  The coupling f r o m  the cloverleaf was increased  to the des i r ed  amount 
by attaching a s t r i p  of metal  to the outer  edges of the loops of the 
cloverleaf ( s e e  Figure 3-6).  The t e s t  data was  taken with a mis- 
matched connector on the coaxial t es t  section, which contributed 
some e r r o r  to the tes t  results.  This h a s  been overcome by fabr i -  
cating a special  type N connector with a voltage standing wave ra t io  
( V S W R )  of 1. 04:1, and this conr,ector will be used in all future tes t s .  
The final cloverleaf configuration was asymmetr ica l ,  due to the 
many changes made in the development, and to omnidirectional 
pat tern var ia t ions in  amplitude by 6 db. A new symmetr ica l  t es t  
section i s  being fabricated to  be used in  determining the final 
dimensions of the cloverleaf element,  and also to insure  omni- 
directional radiation pat tern when symmetry  i s  maintained. 
the final dimensions of the cloverleaf e lement  have been determined, 
a five-element a r r a y  will be fabricated with TM connectors.  

When 

3 )  The s t r ay  cu r ren t s  flowring on  the outside of thecoaxial  line were  
eliminated by attaching suppressor  w i re s  to the loops of the c lover -  
leaf a t  a point nea r  where they emerge  f rom the coaxial line, and 
shorting these suppressor  w i r e s  to the outer  surface of the coaxial 
line X/4 down the line in each direction f rom the cloverleaf. An 
additional feature  of the suppressor  wi re  i s  i t s  acting a s  a ve rn ie r  
control on the frequency, a s  the distance f r o m  the coaxial line to 
where the suppressor  wire i s  connected is  varied.  

SIDE VIEW OF STRIP 
0.3 IN. WIDE 

Figure 3-6. Outer Edges of UHF Cloverleaf 
Antenna A r ra y 
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R F  Circuits 

The R F  circui ts  include the power divider,  the phase sh i f te rs  and the 
feed l ines  to the antenna. 

______ F e r r i t e s .  The type of f e r r i t e  t o  be used in the phase shif ter  has  been 
tentatively chosen, based on t e s t s  of a number of samples .  
been o rde red  and delivery i s  scheduled during the next reporting period. 
u r e s  3 - 7  and 3-8 i l lustrate the tes t  f ixtures  and t e s t  setup used in evaluating 
the f e r r i t e s .  

The f e r r i t e s  have 
F i g -  

- Input-Output - - .. - Couplers. The couplers  in and out of the phase sh i f te rs  have 
been scaled f r o m  those-used in the 8-kmc breadboard. 
coupler have been fabricated and a r e  being assembled.  
factory operation, the remainder  of the couplers  will be made. 

P a r t s  fo r  the f i r s t  
If t e s t s  indicate satis- 

___ Fie ld  Coils. ~~ The phase shifter field coils,  in  the f o r m  of motor  s t a to r  
windings, a r e  on order  f r o m  the manufacturer  based  on sat isfactory t e s t s  of the 
initial sample,  

Power  _-__..___ Divider. The eight-way power divider,  a l s o  scaled f rom the one 
in the 8-kmc breadboard, consis ts  of seven hybrid r ings  made in s t r ip- l ine.  The 
ground planes a r e  being fabricated and the ar twork,  p r i o r  t o  etching of the s t r ip -  
line, i s  nearing completion. 

Control . Electronics.  The final power ampl i f ie rs ,  which dr ive  the field 
coils, have been redesigned to  operate  with the higher  impedance windings used  
in  the 4-kmc system. 
of t r ans i s to r  amplifiers.  

Other  c i rcu i t s  a r e  being redesigned to reduce the number 

Digital Timing - and Control Electronics  

Block d iagrams for  the four subassemblies  of the antenna phase control 
e lectronics  have been completed and final logic equations released.  
c i rcu i t  r e l eases  have been made for  90 percent  of the c i rcu i t s ,  which r ep resen t  
95 percent  of the assembly components. 
fork osci l la tor  was  made and i t s  specification h a s  been prepared.  Also, two 
forks  have been ordered fo r  the engineering model. 

P re l imina ry  

A final c i rcui t  r e l ease  of the tuning- 

Cri t ical  par t s  of the subassemblies  and all subassembly in t e r f aces  have 
been breadboarded and tested.  
and eliminated. 

Severa l  dynamic problems w e r e  d iscovered  

Extensive electr ical  t e s t s  were  conducted on samples  of small geometry,  
silicon, and planar t r ans i s to r s ,  f r o m  th ree  different  vendors.  Data f r o m  these 
t e s t s  were  used to  write a general  specification f o r  th i s  type of device. 
advantages were  gained by this  effor t  - enhanced e l ec t r i ca l  per formance  f o r  the 
high usage t rans is tor  and decreased  pr ice .  

Two 

3 - 8  



1 
1 
I 
I 
I 
I 
I 
I 
8 
I 
I 
I 
1 
8 
I 
8 
I 
1 
I 

Figure  3 - 7 .  Tes t  F ix tures  Used for  Evaluation of Ferrites for  P h a s e  Shif ters  

k - 

, . . . . - -  

F i g u r e  3-8. Complete Tes t  Setup Used in Evaluating P h a s e  Shif ter  Fe r r i t e s '  
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The additional pre l iminary  c i rcu i t s  will be r e l eased  by 15 October ,  with 
final r e l e a s e s  scheduled f o r  1 November. 
block diagram. 

F igure  3-9 i l lus t ra tes  the overa l l  

COLLINEAR-ARRAY RECEIVING ANTENNA 

The receiving antenna will be a sk i r ted  dipole a r r a y ,  s imi l a r  to the 
t ransmit t ing antenna used in  Mark  I. 
will be increased  to four. 
a n d / o r  phase,  the gain will be optimized a s  the requi red  beamwidth and band- 
width a r e  obtained. 

The number of half-wavelength dipoles 
By accura te ly  exciting these dipoles in amplitude 

A l inear  a r r a y  computer program,  which includes the element  pat tern,  
The opt imum gain (8. 6 db) f o r  is being used  f o r  pattern and gain calculations. 

cophasal uniform distribution was  found to occur  with near ly  1 -wavelength 
in te re lement  spacing. 
to  the spacing), indicating the possibility of using a n  unloaded coaxial  feed line 
(F igu re  3-10). Many of the problems inherent in  loaded l ines  could thus be 
avoided. 

The gain at this  spacing is not too sensit ive (with respec t  

However, at one wavelength spacing, four  dipoles give a beamwidth of 

With feeding 
only 13. 0 degrees ,  considerably l e s s  than the minimum allowed -17. 3 degrees .  
One approach t o  this problem h a s  been to  t ape r  the distribution. 
coefficients of 0. 5, 1, 1 , 0. 5, beamwidth and gain w e r e  15. 1 d e g r e e s  and 8. 2db. 
1,arger t a p e r s  a r e  also being calculated. 
descr ibed  above, calculations a re  being made  for  0. 9 X spacing, with cophasal 
e lements;  this  decrease  in  spacing will produce beam broadening. 

Also, due t o  the gain insensit ivity 

Another solution might be possible in  the u s e  of nonuniform spacing of the 
e lements  to  introduce controlled amounts  of phase e r r o r ,  which would broaden 
the beam by the des i red  amount. 
t e r i s t i c s  of such a n  a r r a y  will  be determined f r o m  existing computer  programs.  
As  an aid to  these studies, a separa te  genera l  computer  p r o g r a m  h a s  been 
wr i t ten  f o r  calculating the feeding coefficients a s  a function of the frequency o r  
e leme nt spacing . 

The broadband impedance matching cha rac -  

S t ruc tura l  Design 

The init ial  selection of magnesium f o r  the t h r u s t  tube i s  being reevaluated 
Investigations a r e  being made of a n  aluminum sand casting and a built-up th rus t  
tube made  of two machined r ings with a n  aluminum shee tmeta l  tube (r ivet ing 
machined s t i f feners  to the tube). 
magnesium forged  billet, but it w a s  not possible to  forge in  the requi red  length. 

The m a t e r i a l  has  been determined for  the f o r w a r d  s t ruc tu re ,  consisting 
of a tubular t russ -work  f r a m e  (F igu re  3-11) a t tached to  the forward  bulkhead. 
The forward  end of the t r iangular  t r u s s  h a s  a mounting bracke t  to a t tach  the 

Investigations w e r e  conducted init ially on a 
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Figure  3-10. Gain and Beamwidth v e r s u s  Amplitude 

a 4) of Ou te r  Element  Feeding Coefficients ( a l ,  

a )  Outboard View b) Inboard View 

F igure  3-11. Tubular  T r u s s  W o r k  F r a m e ,  B a l s a  Wood Mockup 
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control s y s t e m  orientation je t ,  turnst i le  whip antennas,  and a pa i r  of V-beam sun 
s e n s o r s .  
b racke t  . 

In the center ,  the t r iangular  t ru s s -work  has  a so lar  cell panel mounting 

Initial plans for  magnesium 1/2 x 1/2 x 0.035 wall square  tubing have 
been changed to aluminum 6061-T6, 0. 500 outside diameter  x 0 . 0 2 8  wall  (round 
tubing). 
s t rength and  rigidity of the s t ruc tu re  and  dec reased  the deflection. 

Changing to a luminum tubing, at a reduced weight, i nc reased  the 

Drawings have been completed for  the schemat ic  of the bipropellant ve rn ie r  

Detailed drawings a r e  approximately 50 percent  complete.  
control s y s t e m  (Figure 3- 1 2 )  and  its space envelope and  mounting provisions 
(Figure 3- 13). 
drawings of the forged r ibs  and  cas t  th rus t  tube have been submit ted for  cost  
e s t ima tes .  

The 

3-WAY VALVE, MULTIPLE 
INLET, COMMON OUTLET 

WITH ALL 3 PORTS NORMALLY 

SOLENOID VALVE- 
SOLENOID VALVE 

3- WAY VALVE OLENOID VALVE 

FILTER AND SCREEN 

F ILL  AND DRAIN VALVE 

FILTER AND SCREEN 

SOLENOID VALVE 

F ILL  AND 
DRAIN VALVE 

FORWARD + 
VELOCITY CONTROL ROCKET 

Figure  3- 12.  Schematic Diagram of Bipropellant Vern ie r  Control  Sys tem 
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Agena Interface 

The th rus t  tube has  been increased  in length by 0 . 5  inch; i t  is now 18.937 
inches long. 
c learance  area for  r e l ease  of the separat ion clamp. 
c learance  f o r  the same reason .  

This change inc reases  the look angle of the antenna and affords  m o r e  
Lockheed has  inc reased  the i r  

The umbilical  has  been moved to the fo rward  end of the spacecraf t  to  give 
the phased -a r r ay  antenna a n  unbroken horizon. 

The in te rs tage  s t ruc tu re  (furnished by Lockheed)(Figure 3- 14)  cons is t s  of 
a 45-degree (half-angle) cone, made with F ibe rg la s  phenolic shee t s  r ive ted  onto 
a f r amework  consisting of eight meta l  hat-sect ion s t r inge r s  attached to r ings a t  
the top and  bottom. The bottom ring at taches to  the Agena D. 
carries the spin table,  which in turn  at taches (by means  of a three-bol t  explosive 
c lamp)  to  the spacecraf t  th rus t  tube. 

The upper r ing 

ORIENTATION 
ROCKFT 

VELOCITY CONTROL 
ROCKET 

/ 
VELOCITY CONTROL 

\ ORIENTATION 
ROCKET 

/ 

Figure  3 - 13. Space Envelo'pe and Mounting Provis ions of Bipropellant 
Vernier  Control  Sys tem 



Struc tura l  Analyses 

During the f i r s t  portion of the developmental stage of the Mark I1 s t ruc tu re ,  
emphas is  has  been placed in  the following a r e a s .  

Lightweight S t ruc ture :  Investigations have indicated that aluminum is m o r e  
advantageous than magnesium f r o m  a st iffness viewpoint, plus other relevant con- 
s iderat ions.  r a the r  than a 
s t rength standpoint, effort  is thus being made to optimize the s t ruc tu re ,  general ly  
using aluminum. A r igid natural  f requency requirement ,  such as that applied to 
Syncom I, will not be imposed on the Syncom I1 s t ruc tu re ;  nevertheless  a goal of 
approximately 35 cps minimum la t e ra l  resonance frequency will be maintained. 

Es t ima tes  have been made of the environment 
expected for  the Syncom I1 sa te l l i t e ,  utilizing information obtained f r o m  Lockheed 
r epor t s .  
namics  of internal  components such as the p r e s s u r e  tanks and apogee motor .  
l iminary  values of unit responses  have been determined.  

Since the s t ruc tu re  will be designed f r o m  a stiffness 

S t ruc tura l  Design Cr i t e r i a .  

Additionally, investigations have been conducted into the s t r u c t u r a l  dy- 
Pre- 

Coordination. Detailed l ia ison has  been maintained between Hughes 
S t ruc tures  personnel,  Lockheed, and NASA. 

Design Integration 

Table 3-1 shows the la tes t  weight es t imate  fo r  the solid-propellant 
Mark I1 apogee motor configuration. 
and moment  of iner t ia  e s t ima tes  for  the spacecraf t  f r o m  separat ion through f inal  
orbi t  condition. The weight increase  of the spacecraf t  in final orbi t  condition 
over  that reported 15 August 1962 i s ,  f o r  the mos t  par t ,  d i rect ly  a t t r ibutable  
to the change in  s t ruc tura l  weight. This change r equ i r e s  added fuel weight to 
satisfy miss ion  requirements  with result ing spacecraf t  weight es t imated  a t  
1261 pounds a t  t ransfer  orbi t  injection. 

Also included a r e  the center  of gravi ty  

The ini t ia l  concept of an  al l -magnesium s t ruc tu re  h a s  now changed to h 

design of one utilizing 60 percent  magnesium by weight, and 40 percent  aluminum. 
Thus, an  additional weight penalty may  be incu r red  with a continued change f r o m  
magnesium to aluminum. 
spacecraf t  weight i s  9 percent.  
c ra f t  separa ted  weight of 1530 pounds. 

The present  ra t io  of structure-to-total-separated- 
The s t ruc tu ra l  design is predicated on a space-  

P r e s e n t  analysis indicates no problem a r e a s  in  the r a t io  of rol l - to-pi tch 
moments  of inertia.  

Lengthening the thrus t  tube by 0. 5 inch yielded a d i rec t  change f r o m  
23. 0 inches to 23. 5 inches in  final o rb i t  condition of the center  of gravi ty  along 
the axial  plane f rom the interface.  

E f f o r t s  during the next month will be spent in  determining the liquid 
propellant sys t em proper t ies  in rol l  and pitch, in  addition to  fu r the r  re f ine-  
ments  in design weight es t imates .  
will be submitted in the next reporting period. 

It is expected that a detailed weight r epor t  
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TABLE 3-1. SYNCOM I1 ESTIMATED WEIGHT STATUS 

Subsys tern 

E le  c t r oni c s 

Wiring ha rness  

Power  supply 

Controls 

Propuls ion 

Structure  

Miscellaneous 

Weight, pounds 

130. 0 

19. 9 

99.1 

38. 6 

75.1 

115.5 

16. 1 

F ina l  orb i t  condition 

Weight ,  
pounds z-z Iz z ___ 

Ixx R I P  

(494. 3 )  23. 5 42. 4 33. 9 1. 25 

N pressur iza t ion  3 .  2 2 

N2H3 - C H 3  fuel 55. 6 

N204 oxidizer 92. 4 

Total a t  apogee burnout (645. 5)  23. 5 59. 5 42. 2 1. 41 

Apogee motor propellant 615. 3 

Tota l  payload a t  separat ion ( 1  260. 8) 24. 5 70. 8 54. 0 1. 31 

3-19 



THERMAL DESIGN 

The p r imary  effort  i n  t he rma l  control during the pas t  month has  been a 
c lose  coordination with spacecraf t  design to ensu re  achievement of t he rma l  con- 
t r o l  and to es tabl ish the requirements  for  testing the rma l  control sur face  coatings.  

During the next reporting per iod the requi rements  for  testing the rma l  
control  sur face  coatings will be finalized and documented. 
of semiact ive tempera ture  control devices will a l so  be made.  

Additional investigation 

HOT GAS REACTION J E T  CONTROL SUBSYSTEM 

P r i m a r y  effort has  been directed towards defining functional requi rements  
f o r  the react ion jet sys t em,  prepara t ion  of the react ion je t  sys t em specification 
and R F P ,  pre l iminary  design of the spin r a t e  control mechanization, and review 
of the Syncom I sensor  requi rements  for  application to Syncom 11. 

Control System Design 

During the next month the R F P  for procurement  of the hot gas  sys t em will 
be re leased ,  a configuration for  the spin r a t e  control device will be selected,  and 
a detail  design will commence.  
device will be initiated; studies of the Syncom I sun s e n s o r s  and t imers  will 
continue; and an analysis of the stabil i ty of the or ientat ion maneuver  is under way. 
P rob lems  that m i g h t  a r i s e  with the selected bipropellant sys t em a r e  being inves-  
tiga t e d. 

A heat  t r ans fe r  ana lys i s  of the spin r a t e  control  

Bipropellant Rocket Reaction J e t  SuDsystem -___- 

Pre l iminary  functional requi rements  have been establ ished,  and a l i s t  of 
s tudies  and t e s t s  compiled for  inclusion in the reac t ion  j e t  specification. 

Sun Sensors  and Timers  

The design of sun s e n s o r s  and t i m e r s  a r e  undergoing modifications fo r  
Syncom I; i t  is expected that the i r  designs will be applicable to the inc reased  
requi rements  of Syncom 11. 
men t s  will allow further ana lys i s  of the adaptabili ty of Syncom I components.  

Availability of the spacecraf t  environmental  requi re  - 

Spin-Rate Control Mechanism 

Design efforts have been init iated on the control  subsys tem sp in - ra t e  
control device hardware that will be fabricated and tes ted  a t  Hughes. 
misal ignments  of the radial  and axial j e t s ,  consis tent  with achievable mechanical  
to le rances  , the thrust  component tangential to the vehicle  could cause the spin 
speed to va ry  by a factor of as much a s  three  f r o m  the nominal 100 rpm.  T h e r e -  
f o r e ,  spin speed correct ion is n e c e s s a r y .  

Due to the 

Because the axial j e t s  a r e  used 
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